Acute bronchitis is a predominantly viral illness and, according to clinical practice guidelines, should not be treated with antibiotics. Despite clear guidelines, acute bronchitis continues to be the most common acute respiratory illness for which antibiotics are incorrectly prescribed. Although the national benchmark for antibiotic prescribing for adults with acute bronchitis is 0%, a preliminary record review before implementing the intervention at the project setting showed that 96% (N = 30) of adults with acute bronchitis in this setting were prescribed an antibiotic. This quality improvement project utilized a single-group, pre-post design. The setting for this project was a large urgent care network with numerous locations in central North Carolina. The purpose was to determine whether nurse practitioners and physician assistants, after participating in a multifaceted provider education session, would reduce inappropriate antibiotic prescribing for healthy adults with acute uncomplicated bronchitis. Twenty providers attended 1 of 4 training sessions offered in October and November 2015. The face-to-face interactive training sessions focused on factors associated with inappropriate antibiotic prescribing, current clinical practice guidelines, and patient communication skills. Retrospective medical record review of 217 pretraining and 335 posttraining encounters for acute bronchitis by 19 eligible participating providers demonstrated a 61.9% reduction in immediate
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Advanced Emergency Nursing Journal antibiotic prescribing from 91.7% to 29.8%. Delayed prescribing, which accounted for a small percentage of the total prescriptions given, had a small but significant increase of 9.3% after training. Overall, this multifaceted, interactive provider training resulted in significant reductions in inappropriate prescriptions. Key words: acute bronchitis, antibiotic stewardship, antibiotics, nurse practitioner, physician assistant, prescribing C OUGH is among the top five reasons for outpatient office visits in the United States, and acute respiratory tract infections (ARTIs), including acute bronchitis, are among the most common diagnoses related to cough (Centers for Disease Control and Prevention [CDC] , 2011). Acute bronchitis is a predominantly viral illness, and according to national benchmarks from the National Committee for Quality Assurance as measured by the Healthcare Effectiveness Data Information Set (HEDIS) criteria, the rate of antibiotic prescribing for adults with this condition should be zero (Agency for Healthcare Research and Quality [AHRQ], 2015) . Despite the recommendation for nonuse of antibiotics and a 15-year effort by the CDC to reduce the use of inappropriate antibiotics for adults with acute bronchitis in ambulatory care, prescribing rates continue to range from 60% to 90% for this condition (Evertsen, Baumgardner, Regnery, & Banerjee, 2010; KroeningRoche, Soroudi, Castillo, & Vilke, 2012 ). Antibiotic overprescribing is directly associated with the growing global health threat of antibiotic resistance (CDC, 2013) .
LOCAL PROBLEM
Antibiotic prescribing for adults with acute bronchitis appears to be increasing in urgent care and emergency department (ED) settings (Barnett and Linder, 2014 ). This quality improvement (QI) project focused on antibiotic prescribing for patients diagnosed with acute bronchitis in a large urgent care network. In 2014, in our urgent care setting, health care providers treated more than 18,500 cases of acute bronchitis in adults. A preliminary retrospective medical record review of patients treated for acute bronchitis showed that 96% (N = 30) of them received an antibiotic prescription inappropriately for this condition. In addition, several providers in our practice setting expressed concern about lack of fidelity to evidence-based clinical practice guidelines (CPGs) for acute bronchitis by other providers.
SUPPORTING EVIDENCE
According to the AHRQ (2006), a clinician's decision to prescribe an antibiotic is a complex interaction of patient, provider, and system factors (see Figure 1) . Therefore, QI strategies for reducing inappropriate antibiotic prescribing may necessitate addressing one or more of these domains. The 2009 Cochrane review of interventions to improve antibiotic prescribing practices categorized the QI strategies to reduce inappropriate prescribing as follows: clinician education, patient education, audit and feedback, physician reminders, point-of-care testing, giving delayed prescriptions, and a combination of multiple interventions (Arnold & Straus, 2009) . Although no single QI strategy has been shown to be superior, strategies that combine provider education with active educational strategies have been shown to be effective (Van der Velden et al., 2012) . Active educational activities, such as interactive workshops or meetings, are more effective than passive provider education such as didactic lectures or printed materials (Arnold & Straus, 2009; Van der Velden et al., 2012) . Retrieved from http://www.ncbi.nlm.nih.gov/books/NBK43956/pdf/TOC.pdf. This document is in the public domain and may be used and reprinted without permission except those copyrighted materials noted for which further reproduction is prohibited without the specific permission of copyright holders.
adults. The second goal was to reduce antibiotic prescribing for healthy adults with acute bronchitis through an interactive provider education session.
STUDY QUESTIONS
Our primary study question was "Does an interactive provider education session for nurse practitioners (NPs) and physician assistants (PAs) in an urgent care setting improve provider knowledge regarding nonuse of antibiotics for acute bronchitis?" Our second study question was "Will this interactive provider education session result in a reduction of inappropriate antibiotic prescribing for healthy adults diagnosed with acute bronchitis by providers who participate in the training?"
METHODS
The setting for this project was a large network of urgent care clinics (56 locations) in North Carolina. Of these, the project setting included 13 locations in the northeast central part of the state with approximately 56 providers, including 7 NPs and 49 PAs. Physicians within the corporation have a predominantly supervisory role and therefore were not included.
Intervention
The intervention consisted of a 60-min faceto-face interactive provider education activity. The provider training sessions were held in October and November 2015. Four separate educational sessions were offered in different locations within the targeted region to maximize participation. Invitations to NPs and PAs in the targeted region were coordinated through company e-mail, and sessions were endorsed by the medical director but not deemed mandatory.
The training session incorporated the multidimensional systematic framework adapted from the AHRQ (2006), influencing providers' decisions to prescribe antibiotics. The educational content was based on the three domains associated with antibiotic prescribing behaviors elucidated by the AHRQ (2006): patient, provider, and system. Evidencebased review of the literature regarding specific patient, provider, and system factors was emphasized. For example, for the patient factors, the training addressed patient expectations and satisfaction, physical complaints and symptoms, smoking status, and an understanding of patients' needs. Provider factors included their perception of patient expectations, concern with not harming the patient, lack of knowledge, the ability to distinguish viral bronchitis from other etiologies, and communication skills. System factors included busy practices, factors associated with urgent care and ED settings, and the societal consequences of antibiotic resistance. Other aspects of the training session included a review of clinical presentation, pathophysiology, and symptomatic treatment of acute bronchitis based on CPGs from the CDC, the American College of Physicians, and the American College of Chest Physicians (Braman, 2006; Gonzales et al., 2001; Snow, Mottur-Pilson, & Gonzales, 2001 ). Providers were given treatment algorithms for the evaluation and management of acute cough illness from the CDC, which are unchanged since 2000 (Gonzales & Sande, 2000) , and the National Committee for Quality Assurance (2011).
To maximize the potential for interactive education sessions to affect antibiotic prescribing behavior, the sessions combined small group discussion and case studies with didactic lecture (Arnold & Straus, 2009 ). Participants answered and discussed true/false questions regarding factors associated with antibiotic prescribing for ARTIs and bronchitis. To improve diagnostic skills, participants examined five case studies focusing on distinguishing acute bronchitis from pneumonia, pneumonia in older adults, pertussis, influenza, and asthma. Discussions about providers' experiences with antibiotic prescribing in the setting were encouraged.
Design, Measures, and Data Collection
This QI project used a single-group, pre-post design. Providers' attendance at the educational training session was determined via sign-in sheets at each education session. To determine the impact of the education session on knowledge of antibiotic use, providers completed pre-and posttests consisting of the same 10 items given immediately before and immediately after the training session. Questions tested provider knowledge about acute bronchitis as it relates to the etiology and clinical presentation, antibiotic use, and consequences of not giving an antibiotic. Questions included true/false, multiple-choice, and fillin-the-blank answers. Prior to their use, the test questions were reviewed for face and content validity by the two physicians in the urgent care setting and an NP who is also an educator in an academic institution.
Rates of antibiotic prescribing for acute bronchitis were measured by retrospective medical record review before and after the educational activity. Pretraining data during the 2-month period prior to the training sessions were collected for each attending provider (August and September 2015) . Because acute bronchitis is diagnosed less frequently in these months, if there were fewer than 10 encounters per provider in that time frame, records from the previous months were also reviewed until at least 10 encounters per provider were available whenever possible. For posttraining data, providers' records were reviewed during the 2-month period (November and December 2015) following the training session. Because acute bronchitis is more frequently diagnosed in the winter months, a convenience sample of only the first 20 records per provider was used.
To be included for the pre-and posttraining review, the record had to include one of the two medical diagnoses for the encounter: International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), code of 466.0 (acute bronchitis) or subsequent International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM), code J20.9 (acute bronchitis, unspecified). In addition, inclusion and exclusion criteria were in strict accordance with the HEDIS criteria for evaluating antibiotic use in acute bronchitis (AHRQ, 2015) . Eligible encounters included adults 18-64 years of age presenting for an initial episodes of acute bronchitis without a history of recent antibiotics, competing antibiotic-responsive diagnoses, or comorbid medical conditions. Patients were excluded if they had conditions that would justify use of an antibiotic, including follow-up Prescriptions were classified as "immediate" or "delayed." The main outcome of interest was an immediate prescription, as this was deemed necessary by the provider for the diagnosis of acute bronchitis and was to be started immediately by the patient. In accordance with current national benchmarks, all immediate prescriptions for uncomplicated acute bronchitis were considered inappropriate (AHRQ, 2015) . A delayed prescription is one to be filled only if the condition worsens or exceeds the normal duration of illness and is not strictly based on the current diagnosis. Most studies related to antibiotic prescribing for acute bronchitis do not differentiate between immediate and delayed prescriptions. However, in this urgent care practice setting, it is common for providers to issue delayed prescriptions when they want the patient to have a backup plan. Delayed prescribing was not considered inappropriate and was not targeted to be decreased by the intervention, and therefore the collection of these data was only exploratory in nature. No attempt was made to evaluate whether delayed prescriptions were filled by the patient.
Data were collected using a data collection form and subsequently entered into a secured electronic database in IBM SPSS Statistics Version 23 (IBM Corporation, Armonk, NY; released 2015). Patient demographic data included age and sex. Medical data included length of illness, antibiotic prescribed "yes (immediate)," "no," or "yes (delayed)," and the name of the antibiotic.
Data Analysis
The pre-and posttraining test scores of provider knowledge were evaluated by a paired t test. Pre-and posttraining antibiotic prescriptions were evaluated with a chisquare test using a 2 × 3 table based on three categories: immediate prescription, delayed prescription, and no prescription. To evaluate for significant difference between patient population pre-and posttraining, the following analyses were performed: Sex was compared using Fisher's exact and a 2 × 2 table, and age was compared with an independentsamples t test.
Ethical Considerations
The project was approved by the Duke University institutional review board and the medical director over all of the practice sites. No protected health information was collected for this project. Provider names were not associated with any patient encounter, nor were they used on the pre-or posttest; rather, data were tracked by an assigned provider number.
RESULTS

Provider Attendance
Twenty providers (36% of NP and PA providers in the targeted setting) participated in the training sessions, and 19 were included in the final sample (one provider was excluded because of lack of pretraining data). Of the participants, 78.9% (n = 15) were PAs and 21.1% (n = 4) were NPs. The percentages of PAs and NPs in the sample approximated the distribution in the overall practice setting, where the majority of the providers were PAs. The mean provider age was 33.4 years (range = 25-54 years, SD = 9.1), whereas the mean years of experience was 4.9 years (range = 3 months to 18 years, SD = 5.2).
Provider Knowledge
The mean overall percent correct on the knowledge test increased from 48.4% in the pretest to 91.6% for the posttest, t(18) = −10.29, p ≤ 0.001. In examining individual items, the areas of knowledge that showed 332 Advanced Emergency Nursing Journal the greatest improvement were the ability to identify that no antibiotic is indicated for most cases of acute bronchitis (from 15.8% to 100%), ability to identify the etiologies of bronchitis (increased from 5.3% to 84.2%), and knowledge that studies show that patient satisfaction is not usually affected by not receiving an antibiotic prescription (from 15.8% to 100%).
Patient Demographics and Length of Illness
The age of patients treated by participating providers for acute bronchitis in the pretraining data (M = 40.37 years, SD = 12.74) was not significantly different from the age of patients at posttraining (M = 39.13 years, SD = 12.74), t(550) = 1.18, p = 0.24, nor were there sex differences between the two cohorts (p = 0.13). The average length of illness (in days) in the pretraining data (M = 8.0, SD = 6.12) and posttraining data (M = 8.59, SD = 6.60) was not significantly different, t(551) = −1.04, p = 0.296.
Prescriptions Given
A total of 552 records were reviewed: 217 records were reviewed for pretraining data with an average of 11.4 records per provider, and 335 records were reviewed for posttraining data with an average of 17.6 records per provider. There was a significant decrease posttraining in the number of immediate prescriptions (from 91.7% pretraining to 29.8% posttraining), χ 2 (2, N = 552) = 205.03, p ≤ 0.001. Of the 348 total prescriptions given, only 49 (14%) were delayed prescriptions. There was a significant increase in delayed prescriptions given from pretraining (3.2%) to posttraining (12.5%). This represents a 9.3% increase in delayed prescriptions, χ 2 (2, N = 552) = 205.03, p < 0.001.
DISCUSSION
Summary
This interactive provider training was associated with a significant improvement in clinician knowledge of acute bronchitis in adults and a 61.9% reduction of immediate antibiotic prescribing for this condition. A key strength of this intervention was the use of an educational method that encouraged active learning on the part of the participants. Active learning has many benefits including increasing participants' attentiveness to learning, greater retention and assimilation of the information, and improved problem-solving skills and critical thinking (Billings & Hallstead, 2012) . With this intervention, we encouraged active learning by using small group interactions, true and false questions to preface certain important content, and case study analysis.
Many provider education sessions dealing with a particular illness focus solely on assessment and treatment strategies. Our provider education offered a unique perspective by purposefully building the case against the use of antibiotics for acute bronchitis. We started with why antibiotics are prescribed (such as patient satisfaction) and then refuted some of these assumptions based on the literature (e.g., patient satisfaction is actually not tied to receipt of an antibiotic). We addressed provider factors associated with antibiotic prescribing, such as uncertainty of a diagnosis or inability to distinguish between a viral and bacterial etiology, by using case studies to improve providers' differential diagnostic skills. We continued to build the case by exploring why antibiotics should not be used for acute bronchitis and how to appropriately treat acute bronchitis and concluded with how to best communicate with a patient who might expect an antibiotic. We believe that this multifaceted approach contributed to the success of the intervention in achieving a reduction in antibiotic prescribing in our sample.
In addition to immediate prescriptions, delayed antibiotic prescribing was also measured, because it is a common prescribing practice in our setting. Delayed prescriptions fall into a unique category; they are not deemed necessary for the current clinical condition, rather they are given only as a backup; therefore, we did not consider them inappropriate. Although delayed prescriptions made Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
October-December 2016 r Vol. 38, No. 4 Reducing Inappropriate Antibiotic Prescribing for Acute Bronchitis 333 up only a small proportion of total antibiotics given, there was still a significant increase in delayed prescribing before and after training. According to Spurling, Del Mar, Dooley, Foxlee, and Farley's (2013) Cochrane review on delayed prescribing for ARTIs, delayed prescriptions are only filled 32% of the time and the practice of delayed prescribing has been shown to reduce antibiotic consumption by patients. Thus, this small increase in delayed prescribing was not necessarily undesirable. The practice setting for this project created some unique challenges for a face-to-face education session. Potential participants staffed clinics in multiple geographical locations in central North Carolina. In addition, no established provider education forums or staff meetings existed in which to gather providers for training. Even with multiple training sessions located in different areas of the region, only 36% of eligible providers attended the training. Fewer barriers might exist for this type of provider training in settings with established staff meetings or in-house training sessions or through the use of webinars or synchronized teleconferences.
Limitations
Several limitations to this QI project should be noted. Provider sampling was a convenience sample of those clinicians who volunteered to participate in the study. By its nature, QI projects do not employ the strategies of randomization or blinding, so these results should be considered accordingly. To minimize the potential influence of the Hawthorne effect in which participants change their behavior because it is being examined, participants were not told that their antibiotic prescribing practices would be evaluated after the training (Fernald, Coombs, DeAlleaume, West, & Parnes, 2012) .
Another potential limitation specific to antibiotic prescribing studies is that of a shift in coding from an antibiotic inappropriate diagnosis (such as bronchitis) to an antibiotic appropriate diagnosis (such as pneumonia). The AHRQ considers this limitation to be only theoretical, because a systematic review looking at antibiotic prescribing for ARTIs failed to demonstrate a significant shift in coding to account for improvements in antibiotic prescribing rates (Ranji et al., 2006) . A more recent study by Roth et al. (2012) looked at antibiotic use specifically for acute bronchitis to evaluate whether clinicians shifted their diagnoses from the bronchitis code being reviewed (ICD-9-CM 466.0, acute bronchitis) to another bronchitis code not being reviewed (ICD-9-CM code 490, bronchitis not specified as acute or chronic). They did find a significant shift to the code not being reviewed; however, they did not look at shifts from antibiotic inappropriate to antibiotic appropriate codes. Our findings must be interpreted with caution because we did not specifically evaluate for a shift in diagnostic codes.
In our sample, no attempt was made to validate the coded diagnoses. Because there is no "gold standard" test or criterion to diagnose acute bronchitis (Hueston, Mainous, Dacus, & Hopper, 2000; Smith, Fahey, Smucny, & Becker, 2014) , it is possible that the cases of bronchitis in this sample either under-or overrepresented "true" diagnoses.
The intent of this project was to evaluate whether providers who attended a training session would decrease inappropriate antibiotic prescribing for acute uncomplicated bronchitis in healthy adults. Both CPGs and HEDIS criteria uniformly agree that antibiotics should not be used to treat acute bronchitis in healthy adults. Therefore, any antibiotic prescribed in this study for immediate treatment of acute bronchitis was deemed inappropriate. This project was not intended to evaluate the consumption of the antibiotic by the patient. Consequently, no data were collected to evaluate whether patients actually took any prescribed antibiotics. In addition, no attempt was made to evaluate whether patients received antibiotic prescriptions outside of this setting. Therefore, the number of antibiotics prescribed for each case of bronchitis may over-or underrepresent the number actually consumed by the patient.
